In order to clarify the deformation and fracture behaviours of cementite, observations by an optical microscope and a scanning electron microscope were made on the slip lines and fracture surfaces which took place around Vickers hardness indenters pressed on the surface of large cementite grain in white pig iron.
In order to clarify the deformation and fracture behaviours of cementite, observations by an optical microscope and a scanning electron microscope were made on the slip lines and fracture surfaces which took place around Vickers hardness indenters pressed on the surface of large cementite grain in white pig iron.
Although slip lines in cementite were generally straight, wavy slip lines and cross slip lines were occasionally observed under specified conditions of temperature and crystal orientation.
Large dependences on deformation temperature and crystal orientation were recognized for the slipping behaviour and hardness of cementite crystal. The slipping region increased and the hardness decreased with increase in deformation temperature. These temperature effects were It was further made clear that the operation of the slip system of cementite crystal was closely related with the Schmid factor in spite of a strong anisotropy in the crystalline structure.
The fracture of cementite at room temperature was of a cleavage type, judging from the topographic features of fracture surfaces. The indeces of these fracture surfaces were determined to be (Received December 22, 1975) I. Introduction Cementite is one of the most important constituents in steels. It is therefore very important to make clear the mechanical behaviour of cementite in understanding the mechanism of deformation and fracture of steels. From this viewpoint, in the previous paper(1) the present authors examined the deformation and fracture of cementite in cold-rolled carbon steels by using a transmission electron microscope, and showed that cementite in steels was deformed in the same manner as dislocation gliding even at room temperature. In this paper, some experimental results of the slip system and fracture process of cementite in steels were also presented.
It has been known empirically that cementite in steels is highly deformable at elevated temperatures (2). However, the deformability of cementite itself has hardly been known because a large difficulty exists in preparing a cementite crystal which has enough dimensions to test its mechanical properties and to examine its deformation behaviour. In the present study, trials were made at various temperatures to measure Vickers hardness and to observe slip markings and cracks around the Vickers indentations for cementite crystals with various orientations. One of the purposes of the present experiment is to clarify the effects of temperature and crystal orientation on the slipping behaviour and hardness of cementite which is possessed of a strong anisotropy (3) in the crystalline structure. The other is to clarify the fracture plane and the topographic feature of the fractured surface of cementite.
II. Materials and Experimental Procedures
The material used in the present experiment is a white pig iron having the chemical composition of Fe-4.81%C-5.80%Cr+.
The pig iron was prepared by induction melting from electrolytic iron, electrolytic chromium and pure graphite in an argon atmosphere. The ingot of the pig iron was remelted and solidified unidirectionally at the speed of 3cm/hr in an argon atmosphere to get cementite crystals larger than about 1mm in diameter. The unidirectionally solidified ingot was cut into columns of 9mm in diameter and 5mm in height by spark cutting. These columns were then electropolished in an electrolyte containing 100 g of chromic acid and 200ml of phosphoric acid to remove the strain produced by the cutting procedure. Vickers indenter was pressed on the surface of cementite crystal under a load of 500 g or 1 kg at various temueratures raneine from room temperature to Vickers hardness tester equipped with the hot stage. Observations were carried out on slip lines formed around the indentation by using a differential interference optical microscope (Union MED-M type). The surface orientation of cementite crystal was determined by means of the micro-Laue method.
The cementite crystal was fractured by a Vickers indenter under a load of 5 kg at room temperature, and the fracture feature was examined by a JSM-U3 type scanning electron In Fig. 2 
Relationship between operative slip plane and Schmid factor
As mentioned above, the slipping behaviours of cementite crystal is remarkably affected by deformation temperature and crystal orientation. The origin of the effect of crystal orientation is assumed to be due to either an anisotropy in crystal structure or a difference in the Schmid factor of operative slip systems.
The importance of the Schmid factor was examined by a following experiment. When a Vickers indenter is pressed on a specimen surface, a thin layer of the surface receives a compressive force, which is parallel to the specimen surface and normal to the edge of the indentation (7)(8). In the present experiment, therefore, a Vickers indenter was used in order to change the Schmid factor of operative slip systems. The indenter was first pressed to a cementite with 1 kg, then after rotating the Table 1 , where the slip planes shown in Photo. 6; that is, the slip- Table 1 Schmid factors of several slip systems for each case of the directions A, B, C and D.
Photo. 6 Slip lines formed around two indentations which another on the same specimen surface to show the effect of difference in the direction of surface forces around the indentations.
ping activity is large in the region where the slip system has a large Schmid factor. It is therefore suggested that, even in a cementite crystal having a strong anisotropy(3), the activity of slipping and Schmid factor are closely related with each another. Figure  8 shows the stereographic projection in which the center is the projection point of the viewing direction. The tilting axis and its direction are 
